ABSTRACT. The sperm count required were investigated to obtain a conception rate of 80% by unilateral intrauterine insemination (UIUI) of fresh semen in cats. The conception rates obtained by insemination before and after ovulation were also examined. Thirty-six female cats aged 1-7 years were used in the experiments, and the number of experimental cases was 44. Seven male cats aged 2-12 years from which semen could be collected by the artificial vagina method were used. In artificial insemination, 100 iu × 2 or 250 iu of hCG was administered on days 2-4 of estrus, and sperm were introduced into the uterine horn with a greater number of ovulations (or mature follicles) 15, 20 and 30 hr after hCG administration by laparotomy. The inseminated sperm counts were 2 × 10 6 (Exp. 1), 4 × 10 6 (Exp. 2), and 8 × 10 6 (Exp. 3). As a result, ovulation was induced in 42 of 44 cases (induction rate: 95.5%) regardless of the dosage of hCG. Conception was obtained by UIUI in two of 16 animals (conception rate: 12.5%) in the Exp. 1, five of 16 animals (31.3%) in Exp. 2, and eight of 10 animals (80.0%) in Exp. 3. Regarding the relationship between the ovulation state at insemination and conception, the conception rate obtained by insemination before ovulation was clearly higher than that obtained by insemination after ovulation (p<0.05). Regarding the number of kits compared to the number of ovulations on the inseminated side, the percentages of cases in which the number of kits exceeded the number of ovulations on the inseminated side were similar in all groups inseminated with a different number of sperm. It is therefore necessary to investigate conception rates obtained by bilateral insemination to increase the fertility rate. Based on the above findings, it was shown that the sperm count required for fertilization by UIUI is 8 × 10 6 .
Studies of feline artificial insemination (AI) include three reports on intravaginal insemination (IVI) [7, 8, 10] and one report on intrauterine insemination (IUI) [4] . Among these studies, the study of IVI reports by Plats et al. [7] was done with frozen semen, and the other studies with fresh semen. Sojka et al. [8] succeeded in obtaining conception by inseminating 1.25-50 × 10 6 sperm into the vagina. They reported that three of seven animals were fertilized by insemination with 5 × 10 6 sperm, and the conception rate was 42.9%, but in our study on IVI, the conception rates were 6.6%, 33.3%, and 77.8% when using 20 × 10 6 , 40 × 10 6 , and 80 × 10 6 sperm for insemination, respectively [10] . Therefore, a large number of sperm were required to obtain conception by IVI in our study [10] and in the study by Sojka et al. [8] .
Howard et al. [4] showed that conception was obtained by inseminating as few as 2.4-19.2 × 10 6 sperm in each left and right uterine horn, but the sperm count required to obtain conception was not clarified in their study. Furthermore, they reported that the conception rate obtained by insemination after ovulation (50.0%) was 3.5-fold higher than that obtained by insemination before ovulation (14.3%) [4] . The time of ovulation after hCG administration is generally thought to be 25-27 hr [3, 8] . Therefore, they recommended that AI be performed immediately after ovulation, that is 30-35 hr after hCG administration [4] .
As mentioned above, because there are only a few reports on feline AI, and many unsolved problems remain, we designed a study to clarify the sperm count required to obtain a conception rate of 80% by IUI of fresh semen. In addition, we investigated the conception rates obtained by insemination before and after ovulation as well as the fertility of ova ovulated in the uterine horn contralateral to the inseminated side in unilateral IUI (UIUI) as we previously reported for dogs [11] . IUI was therefore done unilaterally.
MATERIALS AND METHODS

Animals:
Mixed breed cats bred and maintained in our colony were used. Thirty-six female cats aged 1-7 years were repeatedly used. Because some female cats were repeatedly used, the number of experimental cases was 44. For males, seven male cats aged 2-12 years with normal semen quality, copulation capability and fertility were used. The male cats were kept in individual cages measuring 60 × 90 × 120 (h) cm in an animal room in which the temperature was adjusted to 23 ± 2°C, and female cats were kept in a group in a room measuring 4 × 7 m. There female cats were maintained under natural lighting. The experiments were performed during the breeding season between January and August. The cats were supplied with dry food (Hill's Feline Maintenance, U.S.A.) and drinking water ad libitum. Female cats were placed with male cats every day in the morning and evening to observe estrus.
Semen collection and examination of semen quality: Semen for AI was collected with an artificial vagina (AV) for cats, as we previously reported [9] .
While a male cat mounted an estrous female cat and began thrusting, the penis was advanced into the AV held between the forefinger and middle finger, and ejaculation was induced. The semen was evaluated by a general test for semen quality as we previously reported [9] . The semen specimens with a sperm motility of 80% or greater were used in AI. The collected semen was kept in a warm room at 20°C for about 1 hr until IUI.
Ovulation induction method: Ovulation was induced by administration of 100 iu × 2 or 250 iu of hCG on days 2-4 of estrus into the jugular vein. In the group treated with 100 iu × 2 of hCG, AI was performed after the first administration. Cats that were before ovulation at insemination received the second administration immediately after insemination, while those after ovulation at insemination did not receive the second administration. To evaluate the success of induction of ovulation, the peripheral progesterone (P) level was measured 15 days after hCG administration by EIA [6] in cats that were pre-ovulatory at AI excluding pregnant animals, and when the P level was increased, induction of ovulation was judged successful.
AI: AI was performed under general anesthesia 15, 20 or 30 hr after hCG administration for ovulation induction. For anesthesia, after pretreatment with atropine sulfate (0.05 mg/ kg) and acepromazine maleate (0.025 mg/kg), ketamine (5 mg/kg) was administered for induction of anesthesia, and then the anesthesia was maintained with halothane.
Sperm at three different counts of 2 × 10 6 (Exp. 1), 4 × 10 6 (Exp. 2), and 8 × 10 6 (Exp. 3) were inseminated in 16, 17 and 11 animals, respectively. The semen volume for AI was adjusted to 30 µl with egg yolk Tris-fructose citrate solution. IUI was performed as we previously reported for dogs [11, 12] . After confirming the numbers of mature follicles and ovulation from each left and right ovary, a greater amount of semen was inseminated into the uterine horn. An 18G needle was inserted into the central region of the uterine horn, and semen was infused into the tip of the uterine horn with an injector which consisted of a 20G indwelling needle connected to a 1 ml syringe. When at least one of the mature follicles in the both ovaries had ovulated, the cat was judged post-ovulatory. Follicles with a diameter of 4 mm or greater were regarded as mature follicles, and all these mature follicles were supposed to have been ovulated as a result of the second hCG administration.
Diagnosis of pregnancy: As we previously reported, pregnancy in artificially inseminated cats was evaluated 15 days after insemination by means of an ultrasonic imaging diagnosis system (ALOKA ECHO VISION SSD-500EV) [1] . In fertilized animals, embryonic development was observed every five days after the confirmation of pregnancy. The number of kits was counted on the delivery day.
Statistical analysis: The results of this experiment were analyzed by χ 2 test.
RESULTS
Ovulation induction:
The ovulation state at AI in each experimental case is shown in Table 1 .
Of 44 experimental cases, ovulation did not occur in one case in either the 100 iu (× 2) group or the 250 iu group, and the total ovulation induction rate was 95.5%. In two animals that did not ovulate, four and five ovarian follicles with a diameter of 4 mm or more were observed, respectively. The ovulation induction rate after hCG administration was 41.2% after 15 hr and 38.5% after 20 hr in the 100 iu group. The ovulation induction rate 30 hr after administration of 100 iu or 250 iu of hCG was 100% in 12 animals.
Results of conception:
The results of UIUI are shown in Table 2 .
Conception was obtained in two of 16 animals (conception rate: 12.5%) in Exp. 1, and five of 16 animals (31.3%) and eight of 10 animals (80.0%) in Exp. 2 and 3, so that the conception rate for the number of inseminated sperms was significantly higher in Exp. 3 than in the other groups (p<0.05).
Ovulation state at AI and conception rate: The relationship between the ovulation state at AI and the conception rate is shown in Table 3 .
In Exp. 1, the conception rate obtained by insemination before ovulation was 25.0%, but conception was not obtained by insemination after ovulation. The conception rates obtained by insemination before and after ovulation were 60.0% and 18.2% in Exp. 2 and 100% and 60.0% in Exp. 3, so that the conception rate obtained by insemination before ovulation was clearly higher than that obtained by insemination after ovulation (p<0.05).
Number of kits and duration of pregnancy: The number of kits and duration of pregnancy are shown in Table 4 .
Abortion occurred in four of 15 fertilized animals (26.7%). In Exp. 1, the number of kits and duration of pregnancy were four and 68 days, respectively. In Exp. 2, the number of kits was 1-4 (mean: 2.5 ± 1.0 (SE)), and the duration of pregnancy was 66-68 days (mean: 66.8 ± 0.6 days). In Exp. 3, the number of kits was 2-5 (mean: 3.7 ± 0.5), and the duration of pregnancy was 65-69 days (mean: 66.3 ± 0.6 days). Therefore, there were no differences among the groups in the number of kits and duration of pregnancy.
Number of kits compared with the number of ovulations on the inseminated side: The numbers of kits from 15 animals fertilized at each sperm count and those compared to the number of ovulation (or mature follicles) are shown in Table  4 .
The number of kits exceeded the number of ovulations (including mature follicles) on the inseminated side in two of two animals (100%) in Exp. 1, two of five animals (40.0%) in Exp. 2, and four of eight animals (50.0%) in Exp. 3. Therefore, there was no difference in the inseminated sperm count among the animals in which the number of kits exceeded the number of ovulations on the inseminated side.
DISCUSSION
The time of ovulation after hCG administration is generally thought to be 25-27 hr [3, 8] , but in this study ovulation was observed in approximately 40% of the cats at both 15 and 20 hr after hCG administration. This suggested that there is a considerable range in the time of ovulation after hCG administration in cats. Nevertheless, because the cats in our study were maintained in a group, the possibility that spontaneous ovulation occurred in some cats could not be excluded, as Lawler et al. [5] and Gudermuth et al. [2] reported. Ovulation was not induced by hCG administration in two animals despite the presence of ovarian follicles measuring 4 mm or larger. The reason for unsuccessful ovulation was unknown.
In this study, the conception rates by IUI of fresh semen in cats were 31.3% and 80.0% at sperm counts of 4 × 10 6 and 8 × 10 6 , respectively. As previously reported, the conception rates by IVI at sperm counts of 40 × 10 6 and 80 × 10 6 were 33.3% and 77.8%, respectively. Therefore, it was shown that the sperm count required for fertilization by IVI was 80 × 10 6 , whereas that required to obtain a conception rate of 80% by IUI was 8 × 10 6 . The relationship between the sperm counts required for fertilization by the two methods was the same as that in dogs in our study [11, 12] .
It is difficult to compare our results with the results of IUI in cats performed by Howard et al. [4] because the inseminated sperm count in their study ranged from 2.4 × 10 6 to 19.2 × 10 6 , but they recommended that AI be performed after ovulation rather than before ovulation. As a reason for this, they considered that anesthesia during the period of mature follicle affects ovulation. The anesthesia in this study was identical to that used by Howard et al. [4] , but the conception rate obtained by insemination before ovulation was clearly higher than that obtained by insemination after ovulation, unlike the results obtained by Howard et al. [4] . The reason for the low conception rate obtained by insemination after ovulation was not clear because it was not known when ovulation occurred before insemination. Furthermore, ovulation occurred in 18 of 20 animals anesthetized before ovulation (90.0%) in this study, suggesting that ovulation was not affected by anesthesia (Table 2 ), but the dosage of hCG used for induction of ovulation was higher than that in the study by Howard et al. [4] (75 or 100 iu of hCG), and this was alternatively considered to be the reason for the difference between the two studies.
In this study, sperm were inseminated into one side of the uterus at three sperm counts, and fertilization of ova ovulated from the other side of the uterus was observed regardless of the inseminated sperm count in all experimental groups. This point could not be compared with the study by Howard et al. [4] because they inseminated sperm in both uterine horns. We have previously shown in dogs after UIUI with 20 × 10 6 or more sperm, ova ovulated from the other side are fertilized. In view of this finding, to increase the fertility rate, it is necessary to investigate conception rates obtained by bilateral IUI.
The above findings showed that the sperm count required for fertilization by UIUI is 8 × 10
6 .
